The 20-membered ring in 1,7,11,17-tetraoxa-2,6,12,16-tetraazacycloeicosane tetrahydrochloride, C 12 H 32 N 4 O 4 4+ Á4Cl À , adopts an endo conformation, while the 18-membered ring in 1,6,10,15-tetraoxa-2,5,11,14-tetraazacyclooctadecane tetrahydrochloride, C 10 H 28 N 4 O 4 4+ Á4Cl À , lies about an inversion centre and adopts a symmetrical conformation. In the crystal structures of both compounds, the cations and chloride anions are linked by NÐHÁ Á ÁCl hydrogen bonds into planar sheets of molecules; the sheets are linked into three-dimensional networks via CÐHÁ Á ÁCl hydrogen bonds.
Comment
Heteromacrocyclic systems have for a long time generated great interest in the scienti®c community because of their huge range of applications. For example, several 1,4,7,10-tetraazacyclododecane (cyclen) derivatives have been used as models for protein±metal binding sites in biological systems (Kimura, 1993; Kimura et al., 1997; Kimura & Koike, 1998) . Other cyclic polyamine systems have also been designed and synthesized in order to demonstrate that these systems can act as molecular catalysts capable of effecting reactions on anion substrates, for example, the phosphoryl transfer that plays an essential role in the energetics of all living organisms (Hosseini & Lehn, 1986 , 1987 . Furthermore, other tetraazamacrocyclic ligands, such as the cyclen, cyclam and bicyclam ligands, have been shown to exhibit antitumour and anti-HIV activity (Inoue & Kimura, 1994 , 1996 Kong Thoo Lin et al., 2000) . Other areas where macrocyclic systems could have useful applications are in diagnostic and sensor technologies. The free bases of the cation macrocycles described in this work have been used in the assembly of ion-selective electrodes for nitrate detection (Application No./Patent No. 02730426.0-2204-GB0202292) . The formation of the tetrahydrochloride salts of the free bases results in protonation of all the N atoms in the macrocycle, thus forming (I) and (II), whose structures are described here.
The 20-membered ring in 1,7,11,17-tetraoxa-2,6,12,16-tetraazacycloeicosane tetrahydrochloride, (I) (Fig. 1a) , adopts an endo conformation, as shown in Fig. 1(b) . The CÐOÐNÐ C, OÐNÐCÐC and CÐCÐCÐN torsion angles (Table 1) are all essentially trans, while the OÐNÐCÐC and OÐCÐ CÐC torsion angles are mostly gauche, except for O7ÐN6Ð C5ÐC4, which has a value of 87.14 (14) . The N2Á Á ÁN12 separation across this cation ring is 4.870 (2) A Ê , whereas the O7Á Á ÁO17 separation is 6.377 (2) A Ê . A related crystallographic study of diaqua (1,7,11,17-tetraoxa-2,6,12,16-tetraazacycloeicosane-N,N H ,N HH ,N HHH )nickel(II) dichloride has been performed (Kuksa et al., 2002) ; in this structure, the metal complex has crystallographically imposed 2/m symmetry.
The 18-membered ring in 1,6,10,15-tetraoxa-2,5,11,14-tetraazacyclooctadecane tetrahydrochloride, (II) (Fig. 2) , lies about an inversion centre [chosen for convenience as that at ( 2 )] and has a symmetrical conformation. The CÐOÐNÐ C torsion angles are essentially trans, while the NÐCÐCÐN, OÐCÐCÐC and OÐNÐCÐC torsion angles are gauche; one of the two NÐOÐCÐC angles is gauche and the other is trans (Table 2) . In this macrocycle, the shortest transannular contact, O1Á Á ÁO1, is 3.423 (2) A Ê , whereas the C3Á Á ÁC3 distance is 6.560 (2) A Ê . An example of an 18-membered oxazane macrocyle with no crystallographically imposed symmetry is found in N, N-dipyridylbisaza-18-crown-6 (Junk & Smith, 2002) .
In both (I) and (II), the cations and anions are linked into sheets via NÐHÁ Á ÁCl hydrogen bonds. In (I), all eight independent NÐH bonds take part in NÐHÁ Á ÁCl hydrogen bonds (Table 3) , which serve to generate sheets in the (001) plane, as shown in Fig. 3 , by simple translations in the a and b directions; these sheets, which lie approximately in the domain 0 < z < 0.5, are then linked to inversion-related Cl À ions by CÐHÁ Á ÁCl interactions (Table 3) , generating a three-dimensional network. In (II), because of the inversion centre, there are only four independent NÐH bonds and, as in (I), these all form NÐHÁ Á ÁCl hydrogen bonds (Table 4) , generating sheets in the (100) plane by a combination of inversions and b and c translations, as shown in Fig. 4 ; these sheets lie in the domain 0 > x > 1. The observed conformation is stabilized by an intramolecular N5ÐH5BÁ Á ÁO1 hydrogen bond; there are also CÐHÁ Á ÁCl interactions within the sheets (Table 4 ). The sheets are linked into a three-dimensional network by sets of C3Ð H3AÁ Á ÁCl1(1 + x, y, z) interactions.
Experimental
The title oxazane macrocycle systems were synthesized according to previously published methods (Kuksa et al., 1999 The atomic arrangement in the cation of (II). Displacement ellipsoids are shown at the 50% probability level. Atoms marked with a prime are at the equivalent position (1 À x, 1 À y, 1 À z). All H atoms were resolved clearly in difference maps and were subsequently allowed for as riding atoms using SHELXL97 (Sheldrick, 1997) defaults, with NÐH distances of 0.92 A Ê , CÐH distances of 0.99 A Ê and U iso values of 1.2U eq of the attached atom.
For both compounds, data collection: DENZO (Otwinowski & Minor, 1997) and COLLECT (Hooft, 1998) Hydrogen-bonding geometry (A Ê , ) for (I). Symmetry code: (vi) 1 À xY 1 À yY 1 À z. Table 4 Hydrogen-bonding geometry (A Ê , ) for (II). The authors thank the EPSRC for use of the National Crystallographic Service, Southampton University, England (X-ray data collection), and the National Mass Spectrometry Service Centre, University of Wales, Swansea (mass spectral analysis).
Supplementary data for this paper are available from the IUCr electronic archives (Reference: FG1742). Services for accessing these data are described at the back of the journal. Symmetry codes: (ii) −x+1, −y, −z+1; (iii) x, y, z−1; (iv) x+1, y, z; (v) −x+2, −y+1, −z.
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